SUMMARY Six hearts with absent right connection and four hearts with absent left connection in association with straddling of an atrioventricular valve are described. Their categorisation is made easier by adopting a segmental approach. The conduction tissue was studied in two hearts and the arrangements were unusual.
Straddling AV valve with absent connection tion, together with the straddling valve, is then shared between the two ventricular trabecular components, meaning that both ventricular chambers are more or less rudimentary. None the less, except when the override is exactly equal, one of the chambers can be nominated as the main ventricular chamber and the other as the secondary chamber. It is also possible to describe the pattern of ventricular architecture present. For the sake of clarity, the overriding valve will be described simply as right or left, depending on whether it drains the right-sided or left-sided atrium. 8 But, for those who wish to know whether the valve is basically tricuspid (morphologically right) or mitral (morphologically left), this can be deduced knowing the atrial situs and ventricular architecture of a given heart. Where the valve was recognisably mitral or tricuspid, this was stated.
Material and methods
Ten hearts were included in the study (Table) . They came from cardiological collections of the Brompton Hospital, London; The Hospital for Sick Children, London; Royal Liverpool Children's Hospital; Killingbeck Hospital, Leeds; Grimsby General Hospital; Newcastle General Hospital, Newcastle; Wilhelmina Gasthuis, Amsterdam; and the State University Hospital of Leiden. Careful studies of each heart were undertaken to determine the segmental arrangement and the degree of override of the straddling valve. This was done by viewing the annulus of the valve from its atrial side and thus determining the degree of commitment of the annulus to each of the ventricular chambers. Two hearts were studied so as to determine the disposition of their conduction system, using the technique described by Smith et al. ' °The cardiac apex and top of the atria were removed, leaving the atrioventricular junction. The heart with left atrioventricular valve atresia was then divided into three blocks-a left parietal, a right parietal, and a septal block. The heart with right atrioventricular valve atresia was processed as one piece after the removal of the left parietal wall.
Serial sections were cut from each block at 10 ,um thickness. All the sections were kept and every 25th section mounted and stained with the Masson's trichome technique. Further sections were mounted and stained wherever deemed necessary.
Results
The hearts studied could be divided into two basic groups, those with absent right atrioventricular connection (atresia of the right atrioventricular valve) and those with absent left connection (atresia of the left atrioventricular valve). The hearts were further subdivided into two groups according to the trabecular morphology of the main ventricular chamber, that is of right or left ventricular type. The position and the morphology of the atrioventricular valves were also noted. In each of these groups, we identified hearts with rudimentary secondary ventricular chambers to the left or to the right of the main chamber, the morphological pattern always being complementary to that of the main chamber. Among the hearts studied, six had absent right and four had absent left atrioventricular connection.
HEARTS WITH ABSENT RIGHT ATRIOVENTRICULAR CONNECTION
In this group, four hearts had a main chamber with right ventricular trabecular pattern and two had main chambers of left ventricular type. The rudimentary chamber of left ventricular morphology was positioned to the right and posterior to the main chamber in cases 1-3 (left-hand pattern ventricular architecture- Fig. 1 ) and to the left and posterior in case 4 (right-hand pattern ventricular architecture). In the two specimens with rudimentary secondary chamber of right ventricular type, the rudimentary chamber was right anterior in one case (right-hand pattern) and left anterior in the other (left-hand pattern). In this respect the terms "right-hand pattern" and "left-hand pattern" are used to describe the ventricular architecture as suggested by Van Praagh and his colleagues" and are independent of either the atrioventricular connection or the ventricular relation.
The straddling and overriding valve in this group was the left atrioventricular valve. Its morphology was as anticipated from the presumed ventricular architecture in all cases. In the three cases with left-hand pattern architecture, the left-sided atrioventricular valve was a morphologically tricuspid valve. In the case with right-hand architecture in which the main chamber was of right ventricular (a) The heart viewed from the front. with a main chamber of right ventricular morphology ( Fig. 2 ) and two with main chambers of left ventricular morphology (Fig. 3 ). In hearts with right ventricular main chambers, the rudimentary chamber was found to the left and posterior to the main chamber (right-hand pattern ventricular architecture). The sole atrioventricular valve was a morphologically tricuspid valve, being committed by 70% and 95% to the main chamber. Though the main chamber in both was of right ventricular morphology, the septum extended to the crux cordis only in one. This particular heart was unusual in that though it was in the left chest with its apex directed to the left, the ventricular mass was rotated so that the crux was in relatively anterior position. None the less, the septum between the ventricular chambers still extended to the point where the atrial septum joined the atrioventricular junction. The ventriculoarterial connection was double outlet main chamber, with the aorta right and anterior to the pulmonary trunk in one heart while in the other the aorta arose from the main chamber anterior to the atretic pulmonary trunk. The atrioventricular conduction system was in the form of a sling between two atrioventricular nodes (Fig. 4, 5) . The (Fig. 6) . Atrioventricular ring conduction tissue was found in clusters at various points around the right atrioventricular orifice on the atrial aspect. The rudimentary left ventricular chamber was very small and a left bundle-branch could be seen on the left side of the septum. This led to a non-branching bundle which ran up a free-running trabecula in the back of the rudimentary chamber. The trabecula was adherent to the septum at its base. The bundle perforated the valve annulus in its posterior border and made contact with an atrioventricular node formed from a cluster of ring tissue in the back of the right atrium. Further to the left but more anteriorly along the orifice there was a cluster of specialised tissue which resembled an atrioventricular node. This I : t ;i,n-.40I
:. p D e n d Wm. e node had an arterial supply but did not give rise to a penetrating atrioventricular bundle.
Discussion
Hearts with straddling of one atrioventricular valve and atresia of the other are exceedingly rare. Though difficult to categorise, we have shown that adoption of a segmental approach makes their description much easier. The necessary information for full description is whether the atrium lacking an atrioventricular connection is right-or left-sided. As a corollary the straddling valve must be on the other side. The ventricular architecture together with the relation of the ventricular chambers must then be described and the commitment of the straddling valve to the ventricular chambers must be specified. The ventriculoarterial connection and relations, together with a catalogue of associated malformations, complete the description. Although use of such an approach gives no difficulties in description, problems are encountered when the hearts are categorised in the hierarchy of congenital anomalies, specifically as to whether they should be considered as having biventricular or univentricular connections. Associated with this are problems in interpretation of the nature of the sole atrioventricular valve, specifically as to whether it is a mitral valve, a tricuspid valve, or a common valve. We now use the terms "biventricular" and "univentricular" simply as a means of grouping together hearts with comparable atrioventricular connections. In hearts with concordant, discordant, or ambiguous connections, each atrium is connected to its own ventricle. These are the hearts we term biventricular. In most hearts with double inlet or with absence of one atrioventricular connection, only one ventricular chamber has an atrioventricular connection and these are the hearts grouped together as having univentricular connections. In hearts with overriding of one of two or a common valve, the connection is determined according to the commitment of the overriding valve and the hearts categorised accordingly as having biventricular or univentricular connections. In the hearts presently described there is clearly a problem. One atrioventricular connection is absent, but both ventricular chambers are connected to the remaining atrial chamber.
Since there is only one ventricular inlet portion shared between the ventricular trabecular components, each ventricular chamber is more or less rudimentary. Arguments about whether one chamber is a ventricle and the other not in this context are non-productive, as indeed they have proved to be in all hearts with two ventricular chambers. Both are ventricular chambers. Each is recognisable according to its trabecular pattern as right or left ventricular in type. In each heart we have examined it was possible to determine the pattern of ventricular architecture present," and which ventricular chamber was connected to most of the overriding valve. In the necropsy material studied here we had no problem in making this distinction, the most nearly equal sharing being 65% to one chamber and 35% to the other. 
Thus, we had no difficulty in distinguishing a main ventricular chamber from a secondary ventricular chamber. All of this information is required for full description of these complex cases, together with the precise relations of the ventricular chambers. When given in this fashion, the description provided transcends possible arguments as to whether the hearts have univentricular or biventricular connections, or as to whether they are "single" ventricles. With regard to the connection, it does not really matter. With regard to "singleness", they clearly have two ventricular chambers. Some have categorised the hearts as "double outlet atrium."7-9 This is certainly an accurate description, but it should be recognised that it is equally applicable to all hearts with straddling of a right or left valve. If used, therefore, it must be qualified by description of absence of the other atrioventricular connection.
Concerning the morphology of the sole valve present, in most of the hearts studied it was as expected for the ventricular architecture present. Thus, in hearts with right ventricular main chambers, the left-handed valve was a tricuspid valve with left-hand pattern ventricular architecture and a mitral valve with left-hand pattern architecture. The association was less perfect when the main chamber was of left ventricular morphology. But this is to be expected, since, when there is double inlet to a left ventricular chamber, both the valves resemble mitral valves.'2 Some have suggested that the sole valve is a common valve.8 9 Though on occasions the valve had morphological features of a common valve, in all cases it drained only one atrial chamber. We believe the term "common valve" should be reserved for those valves draining both atrial chambers. The valves in these hearts are best described as simply right valves or left valves depending on whether they drain the right-sided or left-sided atrial chambers, respectively. This convention is unambiguous and cannot lead to confusion. Morphology of the valve can always be specified if required, and can usually be inferred from the ventricular architecture present. It should also be appreciated that the nature of the atretic valve can also be inferred from the ventricular architecture for those who are concerned with morphogenesis. Thus, in our grouping of hearts in terms of absent right or absent left connection, we have included cases together which can be interpreted in terms of mitral or tricuspid atresia. For those requiring knowledge of the presumed morphology of the atretic valve, this can be inferred knowing the situs, the ventricular architecture, and which connection is absent. The conduction tissue was unusual in both the hearts we examined morphologically. Both hearts had the straddling valve, of tricuspid morphology, committed in its greater part to a right ventricular chamber. In one of the hearts, it was the left connection which was absent and the rudimentary left ventricular chamber was left-sided (right-hand pattern architecture). The trabecular septum did not reach the crux and was malaligned relative to the atrial septum. As in hearts with atrioventricular concordance and straddling tricuspid valve, where the same septal orientation is found,2 the connecting node was formed posterolaterally in the right atrioventricular orifice, at the point where the malaligned trabecular septum reached the atrioventricular junction. A regular node at the apex of the triangle of Koch did not give rise to a penetrating atrioventricular bundle.
The second heart studied had absence of the right atrioventricular connection, and in this heart the straddling left valve was committed mostly to the right ventricular chamber, but the rudimentary left ventricular chamber was right-sided and posterior '(left-hand pattern ventricular architecture). It is well established that in either situs solitus or with atrial isomerism'3 14 this pattern is accompanied by an abnormal conduction tissue disposition, frequently with a "sling" between two connecting nodes. '5 This was indeed the arrangement found in this particular case, but surprisingly the posterior connecting node was not the regular node in the triangle of Koch.
Instead the posterior node was formed in the left atrioventricular orifice, but was again formed at the point where the malaligned trabecular septum made contact with the atrioventricular junction. Thus, it seems that these cases conform with our basic rules for conduction tissue disposition, '6 17 namely that a trabecular septum joining the atrioventricular junction at a point other than the crux and a left-hand pattern of ventricular architecture with situs solitus both presage an anomalous location for the connecting atrioventricular node. The present findings show that this anomalous connecting node cannot only be formed at any point within the right atrioventricular orifice, but also, in patients with solitus atrial chambers, can be formed within the left atrioventricular orifice. As far as we are aware, only Lev et al. 18 have previously described a connecting atrioventricular node in the posterior wall of the left atrium. As yet we have not had the opportunity to study histologically hearts with absent connection and straddling valve in which the valve is committed mostly to the left ventricular chamber. In that in all such hearts except one studied grossly in this series the trabecular septum never reached the crux, we anticipate anomalous conduction systems in the majority. 
